J Dent Res 87(4) 2008 Periodontal Disease and Gestational Diabetes 329 95 mg/dL, one-hour glucose > 180 mg/dL, twohour glucose > 155 mg/dL, or three-hour glucose > 140 mg/dL), then gestational diabetes mellitus was diagnosed (Carpenter and Coustan, 1982) . Data on brushing, flossing, dental visits, and alcohol, cigarette, and drug use were collected by means of a pre-tested selfadministered questionnaire (English or Spanish). Pre-pregnancy body mass index was determined at the time of enrollment. Clinical periodontal data, plaque, blood, and cervicovaginal samples were collected from each woman. Mean gestational age for oral examination and plaque sample collection was 18.2 wks (SD = 3.4), and for blood and cervicovaginal sample collection, 17.9 wks (SD = 3.3).
INTRODUCTION
G estational diabetes mellitus is defined as either onset or first recognition of glucose intolerance during pregnancy (ADA, 2004) . Gestational diabetes mellitus is seen in 7% of all pregnancies (over 200,000 cases annually) in the United States (ADA, 2004) . Native Americans (5.8-14.3%) (Benjamin et al., 1993; Murphy et al., 1993) , Asian/Pacific Islanders (3.9-7.4%) (Berkowitz et al., 1992; Keshavarz et al., 2005; Rosenberg et al., 2005; Thorpe et al., 2005; Silva et al., 2006) , and Hispanics (3.5-7.5%) (Forsbach et al., 1988; Berkowitz et al., 1992; Kieffer et al., 1999 Kieffer et al., , 2001 Rosenberg et al., 2005) experience higher prevalence compared with African-Americans (1.7-3.9%) (Dooley et al., 1991; Berkowitz et al., 1992; Kieffer et al., 2001; Rosenberg et al., 2005; Thorpe et al., 2005) and non-Hispanic Whites (2.2-2.6%) (Berkowitz et al., 1992; Rosenberg et al., 2005; Thorpe et al., 2005) .
Risk factors for gestational diabetes mellitus include older maternal age, a higher body mass index (ADA, 2004; Xiong et al., 2001; Keshavarz et al., 2005; Dudhbhai et al., 2006) , prior gestational diabetes mellitus (ADA, 2004; Dudhbhai et al., 2006) , family history of diabetes among first-degree relatives (ADA, 2004; Keshavarz et al., 2005; Dudhbhai et al., 2006) , and being a member of a racial/ethnic group with a high prevalence of diabetes/gestational diabetes mellitus (ADA, 2004 ). In addition, increased levels of C-reactive protein (Wolf et al., 2003; Leipold et al., 2005) , tumor necrosis factor-␣ (TNF-␣) (Kirwan et al., 2002; Winkler et al., 2002; Atègbo et al., 2006) , and interleukin-6 (IL-6) (Atègbo et al., 2006) among women with gestational diabetes mellitus suggest a role of infection and inflammation in its etiology (Wolf et al., 2004) . The purpose of this study was to examine the relationship between clinical and other periodontal disease parameters (bacteriological, immunological, and inflammatory aspects) and gestational diabetes mellitus.
MATERIALS & METHODS
The study was approved by the appropriate Institutional Review Boards (New York University School of Medicine, Bellevue Hospital, and GCRC), and written informed consent was obtained from each woman. Inclusion criteria were: (1) gestational age of 15 to 23 wks; (2) singleton gestation; (3) ability to understand and sign the consent form; and (4) having a well-confirmed estimated date of delivery from either the last menstrual period or ultrasound screening. Those who needed antibiotics before dental procedures and those who had taken antibiotics within 2 wks prior to sample collection were excluded.
Initial screening for gestational diabetes mellitus was performed with a onehour 50-g oral Glucose Challenge Test at an initial pre-natal care visit, and if gestational diabetes mellitus had not yet been diagnosed, at 24 to 28 wks of gestation. If the Glucose Challenge Test value was greater than 140 mg/dL, a three-hour 100-g oral Glucose Tolerance Test was given. If 2 of the 4 values in the Glucose Tolerance Test were at or above the cut-off levels (fasting glucose >
ABSTRACT
In previous cross-sectional or case-control studies, clinical periodontal disease has been associated with gestational diabetes mellitus. To test the hypothesis that, in comparison with women who do not develop gestational diabetes mellitus, those who do develop it will have had a greater exposure to clinical and other periodontal parameters, we measured clinical, bacteriological (in plaque and cervico-vaginal samples), immunological, and inflammatory mediator parameters 7 weeks before the diagnosis of gestational diabetes mellitus in 265 predominantly Hispanic (83%) women in New York. Twenty-two cases of gestational diabetes mellitus emerged from the cohort (8.3%). When the cases were compared with healthy control individuals, higher pre-pregnancy body mass index (p = 0.004), vaginal levels of Tannerella forsythia (p = 0.01), serum C-reactive protein (p = 0.01), and prior gestational diabetes mellitus (p = 0.006) emerged as risk factors, even though the clinical periodontal disease failed to reach statistical significance (50% in those with gestational diabetes mellitus vs. 37.3% in the healthy group; p = 0.38).
KEY WORDS:
Maternal periodontal disease, gestational diabetes mellitus, Tannerella forsythia.
Plaque and cervico-vaginal samples were assayed at The Forsyth Institute (Boston, MA, USA) with DNA probes (Socransky et al., 2004) . For vaginal and cervical samples, DNA was extracted before DNA probe assay with the use of a DNeasy ® Tissue Kit (QIAGEN Sciences, Germantown, MD, USA) according to the manufacturer's protocol.
Serum samples were analyzed for IgG antibodies against cellsurface antigens of Porphyromonas gingivalis and Tannerella forsythia by a modified (Craig et al., 2002) enzyme-linked immunosorbent assay at the New York University College of Dentistry laboratories (Ebersole et al., 1985) . C-reactive protein, IL-6, and TNF-␣ levels were measured at Yale University (New Haven, CT, USA) with the commercially available Immulite ® In a nested case-control fashion, gestational diabetes mellitus cases were compared with healthy control individuals by parametric and non-parametric methods (SAS Version 9.1, SAS Institute, Cary, NC, USA). Bacteriological levels were transformed to log 10 values (after the addition of 0.5 to raw values to replace zeros). Odds Ratios and 95% Confidence Intervals were calculated. Bacteriological and cytokine levels were treated as continuous variables. Following bivariate estimation of risk, multivariable logistic regression analysis was performed with adjustment for prior gestational diabetes mellitus (factor with the highest odds ratio) and the use of one other variable in the model to assess the independent effect of the latter. Inclusion of more than 2 independent variables in each model resulted in unstable models. Two-sided type I error probability < 0.05 was considered as the level of significance.
RESULTS
Seventy-six percent of the participants had only a high school education, and 43% were married. Thirty-percent had a self-reported annual family income under $5,000, 52%, $5,000-$24,999, 14%, $25,000-$49,000, and only 4% had an income over $50,000.
The prevalence of gestational diabetes mellitus was 8.3% (total of 22; 15 with GDMA1, and seven with GDMA2). Three additional women were diagnosed as GDMA2 vs. type B, indicating that they probably were diabetic prior to pregnancy and were excluded from the analyses. Mean gestational age at gestational diabetes mellitus diagnosis was 24.9 wks (SD = 7.8).
Group comparisons are shown in Tables 1-4. Women with gestational diabetes mellitus were older (p = 0.07), had a significantly higher pre-pregnancy body mass index (p = 0.004), and a history of prior gestational diabetes mellitus (p = 0.006). More women with gestational diabetes mellitus were current/previous smokers (p = 0.09). Their oral hygiene practices and dental-care-seeking patterns were similar (Table 1) . Women with gestational diabetes mellitus delivered at an earlier gestational age (p = 0.004), and had a higher incidence of premature rupture of membranes (p = 0.04), and chorioamnionitis (p = 0.04; Table 2 ).
Women with gestational diabetes mellitus also had higher vaginal levels of T. forsythia (p = 0.01), but their clinical periodontal disease, though higher (50%), was not significantly different from that in the non-gestational diabetes mellitus control individuals (37.3%; p = 0.38). P. gingivalis (p = 0.39) and T. forsythia (p = 0.73) specific serum IgG samples were not statistically significantly different between the two groups. Although the women with gestational diabetes mellitus had higher levels of C-reactive protein, TNF-␣, and IL-6, only C-reactive protein levels reached statistical significance (p = 0.01; Table 3 ).
Higher vaginal levels of T. forsythia (OR = 1.27; 95% CI = 1.05-1.55), higher C-reactive protein levels (OR = 2.01; 95% CI = 1.02-3.96), prior gestational diabetes mellitus (OR = 8.48; 95% CI = 2.19-32.82), and higher pre-pregnancy body mass index (OR = 1.17; 95% CI = 1.08-1.27) were all significantly associated with gestational diabetes mellitus. In the multivariable analysis that adjusted for prior gestational diabetes mellitus, higher pre-pregnancy body mass index (OR = 1.16; 95% CI = 1.07-1.26) and vaginal levels of T. forsythia (OR = 1.31; 95% CI = 1.06-1.60) still remained significant.
Although not predictors of gestational diabetes mellitus, premature rupture of membranes (OR = 4.64; 95% CI = 1.46-14.77) and chorioamnionitis (OR = 3.76; 95% CI = 1.18-12.05) during the current pregnancy were significantly associated with gestational diabetes mellitus.
DISCUSSION
Clinical periodontal disease has been previously associated with gestational diabetes mellitus in cross-sectional (Novak et al., 2006; Xiong et al., 2006) or case-control studies (Millar and Offenbacher, personal communication) . In our study, we measured clinical and other periodontal-disease-related parameters at least 7 wks prior to the diagnosis of gestational diabetes mellitus.
The prevalence of gestational diabetes mellitus (8.3%) was higher compared with the 4.1%-5.4% previously reported for Hispanics (Berkowitz et al., 1992; Kieffer et al., 1999 Kieffer et al., , 2001 , perhaps due to the higher Glucose Tolerance Test cut-off levels previously used (fasting glucose > 105 mg/dL, one-hour glucose > 190 mg/dL, two-hour glucose > 165 mg/dL, or threehour glucose > 145 mg/dL).
Pre-pregnancy body mass index and prior gestational diabetes mellitus are known risk factors for gestational diabetes mellitus (Xiong et al., 2001; ADA, 2004; Keshavarz et al., 2005; Dudhbhai et al., 2006) . Additionally, gestational diabetes mellitus has been linked to pre-eclampsia (Xiong et al., 2001; Khatun et al., 2005) , cesarean delivery (Xiong et al., 2001; Keshavarz et al., 2005; Khatun et al., 2005; Johns et al., 2006) , premature rupture of membranes (Xiong et al., 2001; Yang et al., 2002) , and preterm delivery (Xiong et al., 2001; Yang et al., 2002; Hedderson et al., 2003) . However, other than delivering at an earlier gestational age and having a higher incidence of premature rupture of membranes and chorioamnionitis, no other pregnancy outcomes were significantly associated with gestational diabetes mellitus in our study, perhaps due to the smaller study size.
Elevated C-reactive protein levels, IL-6, and TNF-␣ in women with gestational diabetes mellitus have been shown to suggest a role of inflammation in the etiology of gestational diabetes mellitus. It is known that IL-6 and TNF-␣ interfere with insulin signaling, and are also insulin antagonists. Therefore, sustained elevated levels of IL-6 and TNF-␣ can interfere with carbohydrate metabolism, and consequently cause glucose intolerance that can result in gestational diabetes mellitus. In our study, women with gestational diabetes mellitus had higher C-reactive protein, TNF-␣, and IL-6 levels, though only the C-reactive protein levels reached statistical significance. Similarly, clinical measures of periodontal disease in the gestational diabetes mellitus group were higher (though not significant, due to study limitations). As such, it can be argued that periodontal-disease-induced inflammatory mediators may further aggravate insulin resistance, perhaps exacerbate the pre-existing pregnancy-induced insulin resistance, and further impair glucose tolerance.
Higher vaginal levels of T. forsythia were significantly associated with gestational diabetes mellitus, even with our small sample (p = 0.01). However, the plaque levels of T. forsythia, a more plausible periodontal disease parameter, were not significantly associated with gestational diabetes mellitus. The most likely explanation for this is the study's inadequate power to show differences in plaque levels of T. forsythia between women with gestational diabetes mellitus and those without it. The same is true for cervical levels. This may be due to the higher prevalence of T. forsythia in plaque (60%) and cervical samples (30%), compared with the lower prevalence of T. forsythia in vaginal samples (13%) among control women. Others have observed an increased incidence of chorioamnionitis and premature rupture of membranes, which are clinical conditions associated with increased inflammatory cytokines and oxidative stress that can occur with gestational diabetes mellitus and increased oral T. forsythia colonization (Sawamoto et al., 2005; Biri et al., 2006) . A literature review reported on the presence of T. forsythia in other extra-oral host tissues, such as atheromatous plaque, coronary stenotic artery plaque, atherosclerotic vessels, occluded arteries in persons with Buerger disease, and bronchial tissues in embalmed cadavers (Tanner and Izard, 2006) , lending support to the possibility of the presence of these organisms in extra-oral sites.
The smaller number of women with gestational diabetes mellitus (22) was a limitation of our study. Original data came from a prospective study designed to evaluate the association between maternal periodontal parameters and preterm birth and was not powered to evaluate the association between periodontal disease and gestational diabetes mellitus. However, under the fixed values of the available 22 cases and 240 control individuals (three were excluded due to possible prior diabetes), one-sided ␣ = 0.05, and 13% exposure frequency (vaginal T. forsythia prevalence) among control individuals, the study had 80% power, but only to detect a four-fold increase in the risk of gestational diabetes mellitus. In contrast, a twosample t test with a 0.05 two-sided significance level will have 80% power to detect an effect size of 0.64 when the sample sizes in the two groups are 22 and 240, respectively. An effect size of 0.64 is considered a moderate-to-large effect in general (Cohen, 1992) .
The use of periodontal screening and recording may explain why clinical periodontal disease was not significant. Pre-pregnancy body mass index, although significant, was based on individual recall. This might have diluted the true association due to random misclassification of body mass index. It is also possible that we failed to detect other true risk factors (i.e., age) due to small study size. Similarly, our inability to show significant differences in T. forsythia in plaque and cervical samples may not threaten the internal consistency of our findings. Last, although gestational diabetes mellitus diagnosis was made 7 wks after the collection of plaque, blood, and cervico-vaginal samples, the date of gestational diabetes mellitus diagnosis does not necessarily mean the date of gestational diabetes mellitus onset. Future studies should measure periodontal parameters prior to the true onset of gestational diabetes mellitus.
Strengths of our study include the data on multiple parameters related to periodontal disease collected prior to gestational diabetes mellitus diagnosis and independent evaluation of biological samples at different laboratories that were masked to gestational diabetes mellitus status.
We conclude that the presence of T. forsythia in vaginal flora is a potential risk factor for gestational diabetes mellitus, but this should be confirmed in future studies before consideration of its clinical significance, due to the study limitations discussed above.
